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Abstract
Background: Molecular diagnostics have emerged as an efficient and feasible alternative for broad detection of
pathogens in faeces. However, collection of stool samples is often impractical in both clinical work and in
epidemiology studies. The aim of this study was to investigate the diagnostic performance of rectal swabs as
compared with traditional faeces samples for detection of enteric agents by PCR.
Method: Three hundred twenty-six pairs of rectal swab and stool samples, obtained from Rwandan children aged
0.5-4.99 years, with or without diarrhoea, were analysed by multiple real-time PCR amplifying 3 viral, 6 bacterial and
one protozoan target.
Results: For all agents there was a significant correlation (R2 0.31-0.85) between Ct values in faeces and rectal
swabs. For most agents the Ct values, a marker for target concentration, were significantly lower (by 1–3 cycles) in
faeces, indicating pathogen content up to ten times higher than in rectal swabs. Despite this, there was no
significant difference in detection rate between faeces and rectal swabs for any agent, reflecting that pathogen
concentration was far above the limit of detection in the majority of cases.
Conclusion: The similar detection rates and the Ct value correlations as compared with traditional faeces samples
indicate that rectal swabs are accurate for real-time PCR-based identification of enteric agents and may be used
also for quantitative estimation of pathogen load.
Background
Acute gastroenteritis is an important cause of morbidity
and mortality in children in developing countries. It can
be caused by a wide range of microbial agents, which
may be identified by various techniques such as direct
microscopy, antigen detection, culture, electron micros-
copy and nucleic acid amplification. Detection of viruses
is now best performed by molecular assays [1], although
antigen detection is still widely used for rotavirus.
Bacterial diagnostics still mainly relies upon culture, but
detection by PCR is established for Clostridium difficile
[2,3], and may provide better sensitivity also for diagnos-
tics of other bacteria [4-7]. Culture of bacteria remains
important because it provides resistance profile, whereas
a main advantage of molecular techniques is that they
give more rapid results and allow combined detection of
viral and bacterial agents. Such broad multiplex PCR
methods are likely to improve routine diagnostics, and
their application in research will expand our knowledge
about the epidemiology of diarrhoeal diseases [1,8].
Rectal swabs are advantageous over traditional stool
samples because collection, transport and further hand-
ling becomes more feasible, and indeed swabs have been
used for decades as an alternative to faeces for bacterial
culture [9]. Some previous studies have used rectal
swabs for molecular testing of pathogens in faeces
[2,10-14], but a focused comparison of rectal swabs and
faeces has been performed only for a few agents and on
limited number of samples. Thus, additional studies are
required in order to further document the utility of rec-
tal swab sampling for molecular diagnostics of diarrhoeal
diseases. In the present study, real-time PCR for a range
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of pathogens was used to compare rectal swabs and stool
samples for diagnostics of enteric infections in children.
Methods
Patients
The samples were obtained from children 0.5-4.99
years of age, who were seeking medical care at the
Departments of Paediatrics at the University Hospitals
in Kigali and Butare, Rwanda, or at 2 district hospitals
and 2 health centres in these two cities. The children
participated in a study of acute gastroenteritis between
November 2009 and May 2011, including 650 patients
(children with >3 loose stools per day for less than 96
hours, with or without vomiting or fever) and 160
healthy controls (children living in the same geographic
area, in the same age span, and without diarrhoea dur-
ing the last 14 days). When possible, both a rectal swab
and a faeces sample was obtained, and the present
study includes all 326 such paired samples.
Stools sample collection
From each patient stool was collected as both a rectal
swab (Copan Regular Flocked Swab 502CS01, Copan Italia
Spa, Brescia, Italy) in a tube with 1 mL of sterile saline,
and as 2 mL of faeces. Rectal swabs were obtained by
inserting the swab into the rectum and rotating it a few
times before retraction. The samples were kept at
below +8°C for a few hours and were sent to a local labora-
tory for storage at −80°C until transport (without thawing)
to the Department of Clinical Virology at Gothenburg Uni-
versity, Sweden where molecular testing was performed.
Microbial agents and target sequences
The targets for real-time PCR are described in Table 1.
The amplified regions of rotavirus, norovirus and adeno-
virus were located to conserved genomic regions [15-17],
and these assays have been used in our diagnostic labora-
tory several years. The bacterial PCRs were developed by
guidance from available publications [18-24], usually by
adapting a traditional PCR method to real-time PCR
(when this study was planned, suitable real-time PCR
assays were lacking for most non-viral targets). Thus,
established target regions were used, and primers and
probes were designed with the aim of obtaining similar
melting temperatures (≈58-60°C for primers, ≈68-70°C
for probes). For enterotoxin-producing Escherichia coli
(ETEC), both heat labile toxin (eltB) and heat stable toxin
(estA) coding regions were targeted. E. coli genes coding
for enteroaggregative factor (eae) and bundle-forming pi-
lus (bfpA) are important for adherence of E. coli to the in-
testinal mucosa, and are considered to be markers for
enteropathogenic E. coli (EPEC), in particular when both
are present. Shigella were identified by amplification of the
invasion plasmid antigen H gene (ipaH, which also may be
present in entero-invasive E. coli, EIEC); Campylobacter
jejuni by the fibronectin-binding protein (cadF) gene;
Cryptosporidium parvum/hominis by the oocyst wall
protein (OWP) gene. Sufficient amplification efficien-
cies were documented for each bacterial real-time PCR
by analysing serial dilutions of pUC57 plasmids carrying
synthetic target inserts. The accuracy of the bacterial
assays was further evaluated by analysing ETEC and
EHEC strains identified at the Department of Bacteri-
ology, Sahlgrenska University Hospital, reference strains
Campylobacter jejuni and Shigella flexneri from the
culture collection of the University of Gothenburg
(CCUG), and Cryptosporidium parvum DNA obtained
from the American Type Culture Collection (ATCC).
Sample preparation and nucleic acid extraction
Approximately 250 μL of faeces were dissolved in 4.5 mL
of saline and centrifuged 5 minutes at 750 × g. Then,
250 μL of the dissolved faeces or 250 μL of the rectal swab
were mixed with 2 mL of lysis buffer, and this volume was
used for extraction of total nucleic acid in an EasyMag in-
strument (Biomerieux, Marcy l’Étoile, France). The nucleic
acids were eluted in 110 μL volume, and 5 μL of this were
used for real-time PCR. These procedures correspond to
an approximate dilution of faeces to 1:10 prior to PCR.
The dilution of rectal swab samples is uncertain be-
cause it depends on the specimen volume contained in
the swab after retraction from rectum. Thus, even
though the swab may collect up to 140 μL (corre-
sponding to a 1:4 dilution prior to PCR), the volume
left after rectal sampling may be considerably less, pos-
sibly only 10–20 μL corresponding to 1:50 dilution or
more). The dilution has the advantage that it reduces
the potential impact of inhibitors. We evaluated the
whether there was any inhibition of PCR by spiking 24
faeces samples and 24 rectal swabs with seal herpes
virus (PhHV-1) prior to extraction and analysis by
PhHV-1 real-time PCR [25].
Real-time PCR
Amplification in an ABI 7900 instrument (Applied
Biosystems, Foster City, CA) in 7 parallel 20 μL-reac-
tions containing oligonucleotides described in Table 1,
and Taqman Fast Virus 1-step Mastermix (ABI, for
RNA targets) or Universal Mastermix (ABI, for DNA
targets). A two-step amplification (15 sec 95°C, 60 sec
56°C) was run for 45 cycles after an initial 10 min
denaturation 95°C and 30 min reverse transcription at
46°C. In each run plasmids containing the target re-
gions for all agents were amplified in parallel with pa-
tient specimens to verify the performance of each
target PCR (mastermix control).
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Table 1 Primers and probes targeting RNA or DNA of diarrheagenic agents
Agent Forward primer Reverse primer Probe Target gene Ref
Norovirus GG2 TGGAYTTTTAYGTGCCCAG CGACGCCATCTTCATTCAC AGCCAGATTGCGATCGCCC Polymerase-capsid junction [16]
Rotavirusa AACCATCTACACATGACCCTCTATGA GGTCACATAACGCCCCTATAGC CAATAGTTAAAAGCTAACACTGTCAAA Non-strutural protein 3 [17]
AACCATCTTCACGTAACCCTCTATGA
Adenovirus GCCACGGTGGGGTTTCTAAACTT GCCCCAGTGGTCTTACATGCACATC TGCACCAGACCCGGGCTCAGGTACTCCGA Hexon [15]
Campylobacter jejuni ATGCAAACCATAATTGGGTTTCAAC CGAGTATCAGCAACTTCTTCTACAGCT TTGCCACCAAAACCAAAACT Fibronectin-binding protein (cadF) [18]
ETEC-estA AAGCATGAATAGTAGCAATTACTGCT TTAATAGCACCCGGTACAAGCA AACAACACAATTCAC Heat-stable enterotoxin [19]
ETEC-eltB TCCGGCAGAGGATGGTTACA CCAGGGTTCTTCTCTCCAAGC AGCAGGTTTCCCACCGGATCACC Heat-labile enterotoxin [20]
E. coli eae ACATGACCGATGACAAGGCA CGCGACTGAAGCTGGCTAC TCGCCGCCTGTTGTGCCG Enteroaggregative factor [21]
E. coli bfpA GGTCTGTCTTTGATTGAATCTGCA GCAGACTGGTAGTAAAACATCACACC GCGCTTGCTGCCACCGTTACCG Bundle-forming pilus [22]
Shigella spp ACCGGCGCTCTGCTCTC GCAATGTCCTCCAGAATTTCG CTGGGCAGGGAAATGTTCCGCC Invasion plasmid antigen H [23]
Cryptosporidium parvum/hominis CAAATTGATACCGTTTGTCCTTCTG TGGTGCCATACATTGTTGTCCT TGTCCTCCTGGATTCA Oocyst wall protein (OWP) [24]
aTwo forward primers were used for rotavirus.



















Analysis of human gene content in faeces and rectal swabs
In order to evaluate to what extent faeces and rectal swabs
differed in regard to content of human cells we analysed
24 faeces and 24 rectal swab samples by real-time PCR
targeting betaglobin, a human gene.
Ethical committee approval
The study was approved by the regional ethics board in
Gothenburg and the ethical committee at National Uni-
versity of Rwanda. An informed consent was obtained
from carers of children enrolled in the study.
Statistics
Statistical analysis was performed using the Statview
software (SAS). Ct (threshold cycle) values in faeces and
rectal swabs were compared by paired t test (for samples
reactive in both specimen types). Ct values in faeces and
rectal swabs were also compared by Mann–Whitney U
test, including also test negative samples given an arbi-
trary Ct value of 45. The proportions reactive (detected
or not detected) in faeces and rectal swab were compared
by Fisher’s exact test. Ct values obtained by real-time PCR
of faeces and rectal swab samples were compared by
Pearson’s correlation analysis.
Results
Detections rates in faeces and rectal swabs
As shown in Table 2, the sensitivity in terms of detection
rate was similar for faeces as compared with rectal swabs,
with the exception of E. coli with an eltB gene, which
among patients tended to be more often detected in faeces
(38% vs. 29%, P = 0.06). The highest rate of detection was
observed for adenovirus (55% in controls), but rates above
20% were also observed for several other agents.
If reactivity in either faeces or rectal swabs was con-
sidered as gold standard the sensitivities ranged from
73% to 91% in faeces and from 75% to 90% in rectal
swabs, with Kappa values ranging from 0.452 to 0.821,
as shown in Table 3.
Ct values in faeces and rectal swabs
The median Ct values ranged from ≈ 20 cycles for rota-
virus to ≈ 35 for Cryptosporidium, as shown in Table 4.
The Ct values for discordant samples (reactive in only
one specimen type) were higher (i.e. pathogen load was
lower) than for those reactive in both specimens, and
typically were above 35 cycles.
For samples that were reactive in both rectal swabs and
faeces there was a significant correlation between Ct values
for all agents (R2 0.31-0.85, Figure 1). For most targets the
Ct values were significantly higher (1–3 cycles) in rectal
swab than in faeces (Table 4). Of note this difference was
not observed for adenovirus and Campylobacter, and as
shown in Table 5, it was confined to or more pronounced
in samples from children with diarrhoea as compared with
without diarrhoea.
Inhibition and human cell content
Analysis of spiked seal herpes virus by real-time PCR did
not show inhibition in any sample, indicated by a small
degree of variation of the PhHV-1 DNA Ct values, ran-
ging between 25.9 and 27.7 cycles (mean 26.8).
Analysis of betaglobin showed that the content of hu-
man cells differed significantly. In faeces 12 out of 24
samples had detectable betaglobin DNA and the Ct
values in positive cases were high (mean 38.2). In con-
trast, betaglobin was detected in all rectal swab samples
with Ct values ranging from 25 to 35 (mean 30), indicat-
ing relatively high cell content.
Table 2 Detection rates by real-time PCR of 326 paired faeces and rectal swab samples in samples from subjects with
or without diarrhoea
Diarrhoea (n = 207) No diarrhoea (n = 119)
Faeces Rectal swab P value Faeces Rectal swab P value
ETEC-eltB 38% (78) 29% (60) 0.06 47% (56) 42% (50) >0.30
ETEC-estA 16% (34) 15% (31) >0.30 10% (12) 13% (16) >0.30
E. coli bfpA 21% (44) 17% (35) 0.26 7.6% (9) 9.2% (11) >0.30
E. coli eae 22% (45) 22% (45) >0.30 23% (27) 25% (30) >0.30
Shigella ipaH 22% (46) 19% (39) >0.30 17% (20) 22% (26) >0.30
Campylobacter 20% (42) 20% (42) >0.30 22% (26) 20% (24) >0.30
Cryptosporidium 9.7% (20) 9.2% (19) >0.30 5.0% (6) 6.7% (8) >0.30
Norovirus GG2 8.7% (18) 8.2% (17) >0.30 4.2% (5) 3.4% (4) >0.30
Rotavirus 23% (48) 23% (48) >0.30 0% (0) 0.9% (1) >0.30
Adenovirus 13% (26) 16% (33) >0.30 50% (59) 55% (65) >0.30
Number of cases in paranthesis.
ETEC, enterotoxinogenic E. coli. GG2, genogroup 2.
Adenovirus was analysed in 193 of the 326 samples.
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Discussion
The results of the present study of 326 paired specimens
from Rwandan children with or without diarrhoea demon-
strate a good correlation between results obtained by real-
time PCR analysis of faeces and rectal swabs, both in terms
of rates of detection and Ct values (a quantitative param-
eter that reflects the target concentration). This agrees with
previous reports of good performance of rectal swabs for
PCR detection of diarrhoeagenic viruses [10], Clostridium
difficile [2] and Enterobacter [14]. As compared with these
studies, the present investigation was performed on a lar-
ger set of samples, a broader range of agents and in a more
difficult setting, comprising sampling of small children
at several health care units in a developing country. The
performance of PCR on rectal swabs was good, with
equal rates of detection (i.e. clinical sensitivity) as com-
pared with faeces for all but one of the pathogens. In
samples with disagreement, i.e. when PCR was positive
in only either of rectal swab or faeces, the Ct value was
usually above 35 cycles, indicating a low target concen-
tration. Overall, these finding support that rectal swabs
are adequate for collecting stool specimens aimed for
detection by molecular techniques.
The Ct value of real-time PCR represents an estimate
of the concentration of the targeted agents in stool. In
the present study, rectal swab Ct values correlated sig-
nificantly with faeces Ct values for all targets, with R2
ranging from 0.31 to 0.85. This is important because it
indicates that rectal swabs may be used also to study
pathogen load. Such quantitative information may be-
come critical for understanding the aetiology of gastro-
enteritis, and in epidemiologic studies the convenience
of collecting specimen by rectal swabs rather than fae-
ces would be a significant advantage. High rates of de-
tection were observed in both patients and healthy
children, indicating that the mere detection of pathogen
DNA may be difficult to interpret. In future studies we
plan to compare Ct values in patients and healthy con-
trols with the aim of identifying cut-off values that dis-
tinguish symptomatic and asymptomatic infections.
Despite the good Ct value correlation, some cases
were reactive in only one specimen type or differed con-
siderably in Ct value between faeces and rectal swab.
Some of these discordant samples were reactive in rectal
swab but not in faeces, which seems difficult to under-
stand. Maybe, in at least some of the cases, the pathogen

















ETEC-eltB 147 134 91% 110 75% 97 50 0.674
ETEC-estA 56 46 82% 47 84% 37 19 0.762
E. coli bfpA 61 53 87% 46 75% 38 23 0.726
E. coli eae 91 72 79% 75 82% 56 35 0.692
Shigella ipaH 77 66 86% 65 84% 54 23 0.780
Campylobacter 76 68 89% 65 86% 57 19 0.821
Cryptosporidium 31 25 81% 28 90% 22 9 0.815
Rotavirus 60 48 80% 49 82% 37 23 0.721
Norovirus GG2 27 23 85% 21 78% 17 10 0.756
Adenovirus 122 85 73% 95 84% 65 53 0.452
aReactive in faeces/reactive in either faeces or rectal swab.
bReactive in rectal swab/reactive in either faeces or rectal swab.
cReactive in rectal swab or faeces, not in both.
ETEC, enterotoxinogenic E. coli. GG2, genogroup 2.
Adenovirus was analysed in 193 of the 326 samples.
Table 4 Median Ct values and Ct value differences by
real-time PCR
Median Ct valuea dCtb, mean (SE) P valuec
Rectal swab Faeces
ETEC-eltB 32.0/37.5 28.5/37.4 2.28 (0.48) <0.0001
ETEC-estA 27.7/36.2 25.8/40.1 2.99 (0.48) <0.0001
E. coli bfpA 27.6/34.2 26.9/37.5 2.10 (0.49) <0.0001
E. coli eae 34.8/38.1 33.5/38.5 0.85 (0.47) 0.0743
Shigella ipaH 29.4/37.8 28.1/36.7 0.91 (0.58) 0.1245
Campylobacter 32.6/35.8 33.2/37.4 −0.002 (0.59) 1.00
Cryptosporidium 36.2/39.9 34.1/40.9 2.23 (0.76) 0.008
Rotavirus 22.5/41.2 20.9/36.2 2.25 (0.61) 0.0008
Norovirus GG2 30.3/38.8 29.3/33.8 1.45 (0.78) 0.08
Adenovirus 34.0/39.7 35.9/39.9 −0.48 (0.39) 0.21
aConcordant/discordant, i.e. reactive in both rectal swab and faeces/reactive in
either rectal swab or faeces. Negative results excluded.
bdCt = Ct in rectal swab–Ct in faeces. For samples reactive in both rectal swab
and faeces.
cBy paired t test.
ETEC, enterotoxinogenic E. coli. GG2, genogroup 2.
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was present in the rectal mucosa rather than in faeces,
within or attached to epithelial cells. This possibility was
supported by the finding that rectal swabs, but not fae-
ces, contained significant amounts of human betaglobin
DNA (indicating a high human cell content). It was less
surprising that some rectal swabs were test negative des-
pite reactivity in faeces, because the amount of faeces in
a swab may be small and sometimes almost invisible (if
diarrhoea is watery). An insufficient sample collection
may occur if the swab is not inserted properly into the
rectum, but this should have been rare since sampling
was performed by study nurses that had received in-
struction about the procedure. Alternatively, a significant
part of the sample may be lost during retraction of the
swab from rectum. This might explain the finding that
Ct values for rectal swabs on average were 2–3 cycles
higher than for faeces, a difference that roughly corre-
sponds to a ten times lower amount of pathogen content
in PCR performed on rectal swab as compared with faeces.
As mentioned above this did not result in any difference in
crude detection rate, because pathogen load was far above
the detection limit in most cases. However, if Ct values
prove clinically useful, such a 2–3 cycles difference be-
tween faeces and rectal swabs will have to be taken into ac-
count when the quantitative information is interpreted.
These findings underline that standardisation will be of
importance for quantitative applications. In a recent study
it was suggested that normalisation of the pathogen Ct
value to the Ct value obtained by real-time PCR targeting
16S may allow a more accurate estimate of pathogen load
Figure 1 Correlation between Ct values observed by real-time PCR analysis of rectal swabs and faeces on samples that were reactive
in both specimen types.
Table 5 Comparison of Ct values in faeces and rectal swabs in children with or without diarrhoea
Diarrhoea (n = 207) No diarrhoea (n = 119)
Mean Ct differencea n P value Mean Ct differencea n P value
ETEC-eltB 3.61 47 <0.0001 1.03 50 0.09
ETEC-est A 3.11 24 <0.0001 2.76 13 0.02
E. coli bfpA 2.27 28 0.0002 1.63 10 0.20
E. coli eae 2.40 30 0.0001 −0.93 26 0.1662
Shigella 2.41 34 <0.0004 −1.64 20 0.1008
Campylobacter −0.61 30 0.50 −0.69 27 0.36
Cryptosporidium 3.09 16 0.002 −0.06 6 0.96
Rotavirus 2.25 37 0.0008 0
Norovirus GG2 2.21 12 0.04 −0.39 5 0.72
Adenovirus 0.43 12 0.71 −0.69 53 0.087
aCt value in rectal swab–Ct value in faeces.
Comparison of subset of cases that were reactive in both faeces and rectal swabs.
P values by paired t test.
GG2, genogroup 2.
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in faeces [14]. By such a procedure the authors observed a
good correlation between bacterial gene quantification in
faeces and rectal swabs. However, the degree of correlation
reported by this strategy (R2 = 0.55) was similar to what
was observed in the present study comparing Ct values
without normalisation (R2 = 0.31-0.85). This indicates that
the value of normalisation and how it should be performed
requires further study.
Conclusions
The similar detection rates and the Ct value correlations as
compared with traditional faeces samples indicate that rec-
tal swabs are accurate for real-time PCR-based identifica-
tion of a wide range of enteric pathogens and may be used
also for quantitative estimation of pathogen load. Rectal
swabs are advantageous because they can be obtained with-
out delay in outpatient settings, and also significantly sim-
plify sample collection from patients staying in the hospital.
This sampling mode may facilitate clinical care and studies
of diarrhoeal diseases in children in developing countries.
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